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Abstract 
,QFUHPHQWDOVKHHWIRUPLQJ,6)LVDFRVWHIIHFWLYHSURFHVVIRUUDSLGPDQXIDFWXULQJRIVKHHWPHWDO
SURGXFWV+RZHYHU,6)DOVRKDVVRPHOLPLWDWLRQVVXFKDVVHYHUHVKHHWWKLQQLQJDQGORQJSURFHVVLQJ
WLPH7KHVHOLPLWDWLRQVKDPSHUWKHIRUPLQJSDUWTXDOLW\DQGSURGXFWLRQHIILFLHQF\WKXVUHVWULFWLQJWKH
,6) DSSOLFDWLRQ LQ LQGXVWULDO SUDFWLFH 7R RYHUFRPH WKH SUREOHP RI VKHHW WKLQQLQJ D YDULHW\ RI
SURFHVVHVVXFKDVPXOWLVWHS,6)KDYHEHHQSURSRVHGWRLPSURYHWKHPDWHULDOIORZDQGWKLFNQHVV
GLVWULEXWLRQ ,Q WKLV ZRUN D QHZ SURFHVV KDV EHHQ GHYHORSHG E\ LQWURGXFLQJ PXOWLSRLQW IRUPLQJ
03)DVSUHIRUPLQJVWHSEHIRUHFRQGXFWLQJ,6)SURFHVVLQJ(PSOR\LQJDQHVWDEOLVKHGK\EULGVKHHW
IRUPLQJ V\VWHP DQG WKH FRUUHVSRQGLQJ WKLFNQHVV SUHGLFWLRQ PRGHO WKH SUHIRUP VKDSH FDQ EH
RSWLPL]HGE\HPSOR\LQJDWZRVWHSRSWLPL]DWLRQDSSURDFKWRLPSURYHWKHVKHHWWKLFNQHVVGLVWULEXWLRQ
7ZRFDVHVWXG\H[DPSOHVLQFOXGLQJDKHPLVSKHUHSDUWDQGDQDHURVSDFHFRZOLQJSDUWDUHIDEULFDWHG
E\XVLQJWKHGHYHORSHGK\EULGIOH[LEOHSURFHVVLQWKLVVWXG\7KHH[SHULPHQWDOUHVXOWVVKRZWKDWWKH
K\EULGIOH[LEOHIRUPLQJSURFHVVZLWKWKHRSWLPDOSUHIRUPGHVLJQFRXOGDFKLHYHVKHHWSDUWVZLWKPRUH
XQLIRUPWKLFNQHVVGLVWULEXWLRQDQGUHGXFHGIRUPLQJWLPH  
 
.H\ZRUGV )OH[LEOH VKHHW IRUPLQJ ,QFUHPHQWDO VKHHW IRUPLQJ 3UHIRUP VKDSH RSWLPL]DWLRQ
7KLFNQHVVGLVWULEXWLRQ0XOWLSRLQWIRUPLQJ  
1. Introduction 
:KHQSURGXFLQJVKHHWPHWDOSDUWVZLWKDUHODWLYHO\VPDOOORWVL]HFRQYHQWLRQDOVKHHWIRUPLQJ
WHFKQRORJLHVVXFKDVVWDPSLQJKDYHPDQ\OLPLWDWLRQVGXHWRWKHORQJOHDGWLPHDQGFRVWO\WRROVHW
PDQXIDFWXULQJ$OWHUQDWLYHO\WKHIOH[LEOHVKHHWIRUPLQJDSSURDFKEHFRPHVDEHWWHUVROXWLRQIRUUDSLG
PDQXIDFWXULQJRIVPDOOEDWFKHGDQGFXVWRPL]HGSURGXFWV:LWKWKHDGYDQWDJHRIUHGXFHGOHDGWLPH
DQGWRROFRVWVIOH[LEOHVKHHWIRUPLQJSURFHVVHVVKRZDJUHDWSRWHQWLDOLQUDSLGSURWRW\SLQJDQGVPDOO
3URFHHGLQJVRI,0HFK(3DUW%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EDWFKPDQXIDFWXULQJ7KLVPHWKRGLVHVSHFLDOO\XVHIXOLQWKHPDQXIDFWXULQJDSSOLFDWLRQVRIDHURVSDFH
ELRPHGLFDO DQG DXWRPRWLYH SURWRW\SLQJ GHYHORSPHQW &RQFHUQLQJ WKH WHFKQRORJLHV RI IOH[LEOH
IRUPLQJLQFUHPHQWDOVKHHWIRUPLQJ,6)PXOWLSRLQWIRUPLQJ03)DQGDV\PPHWULFVSLQQLQJDUH
WKUHHW\SLFDOIOH[LEOHVKHHWIRUPLQJSURFHVVHV  
,QWKH03)SURFHVVPDWULFHVRIWRROSLQVDUHHPSOR\HGDVDQDOWHUQDWLYHWRWUDGLWLRQDOULJLGGLH
[1]%\DGMXVWLQJ WKHKHLJKWRI LQGLYLGXDOSLQV'IUHHIRUPVXUIDFHFDQEHREWDLQHG7KH LGHDRI
IRUPLQJVKHHWPHWDOSDUWVE\XVLQJGLVFUHWHSLQVZDVILUVWSURSRVHGE\1DNDMLPDLQWKHV[2]
+RZHYHUFKDOOHQJHVFRPHIURPVXUIDFHGHIHFWVVXFKDVGLPSOHVFDXVHGE\GLVFRQWLQXRXVFRQWDFW
EHWZHHQ WKH VKHHW DQG WKH SXQFK [3] /L HW DO [4-6] LPSURYHG WKH 03) SURFHVV E\ GHYHORSLQJ
KRPRJHQHRXV GHIRUPDWLRQ IRUPLQJ SDWK EODQNKROGLQJ VWUDWHJLHV DQG LPSURYLQJ WKH FXVKLRQ
FRQGLWLRQV+DUGWHWDO[7]LQWURGXFHGWKHFORVHGORRSVKDSHFRQWUROLQWRWKH03)V\VWHP+RZHYHU
GXHWRWKHXVHRIWKHGLVFUHWHSLQVDVWKHIRUPLQJGLHVKHHWJHRPHWULHVWKDWFDQEHSURGXFHGE\XVLQJ
WKLVDSSURDFKDUHVWLOOOLPLWHG$V\PPHWULFVSLQQLQJZDVGHYHORSHGEDVHGRQWKHWUDGLWLRQDOVSLQQLQJ
WHFKQRORJ\[8],QWKLVSURFHVVUROOHUVDUHHPSOR\HGWRUHSODFHWKHWUDGLWLRQDOIXOOPDQGUHO,QDGGLWLRQ
V\QFKURQL]HG PRYHPHQWV DUH PDLQWDLQHG EHWZHHQ WKH UROOHU DQG PDQGUHO WR JHQHUDWH DV\PPHWULF
JHRPHWU\;LDHW DO [9]SURGXFHGDFRPSUHKHQVLYH UHYLHZRI WKHDV\PPHWULF VSLQQLQJSURFHVVHV
+RZHYHU DFKLHYLQJ JHRPHWULHV ZLWK VWURQJ DV\PPHWULF IHDWXUHV LV VWLOO D FKDOOHQJLQJ WDVN LQ
DV\PPHWULFVSLQQLQJ  
,6)LVDQRWKHUIOH[LEOHVKHHWIRUPLQJDSSURDFK,QWKH,6)SURFHVVDVW\OXVW\SHIRUPLQJWRRO
PRYLQJ DORQJ D SUHGHILQHG ' WUDMHFWRU\ ORFDOO\ GHIRUPV WKH FODPSHG EODQN SHULSKHUDOO\ DQG
JUDGXDOO\DFKLHYHVWKHGHVLJQHGJHRPHWU\[10])UHHIRUP'VKDSHVFDQEHJUDGXDOO\REWDLQHGZLWK
WKHSUHGHILQHGWRROPRYHPHQW6LQFHWKHGHYHORSPHQWRI,6)FRQFHSWLQV[11]HIIRUWVKDYHEHHQ
PDGHWRH[SORUHYDULRXVYDULDWLRQVRIWKH,6)SURFHVV0DWVXEDUDHWDO[12]SURSRVHGDWZRSRLQW
LQFUHPHQWDOIRUPLQJ73,)SURFHVVLQZKLFKWKHEODQNZDVGHIRUPHGXQGHUWKHVXSSRUWRIDPDOH
GLH0HLHUHWDO[13]GHYHORSHGDGRXEOHVLGHGLQFUHPHQWDO IRUPLQJ'6,)SURFHVVE\XVLQJWZR
IRUPLQJWRROVDWERWKVLGHRIWKHVKHHW0DOKRWUDHWDO[14]SURSRVHGDQDFFXPXODWLYHGRXEOHVLGHG
LQFUHPHQWDO IRUPLQJ $'6,) SURFHVV ZLWK LPSURYHG WKLFNQHVV GLVWULEXWLRQ $UDJKL HW DO [15]
SUHVHQWHGDK\EULGVKHHWIRUPLQJSURFHVVFRPELQJWKHVWUHWFKLQJDQG,6)SURFHVVWRJHWKHU,QWKHVH
SURFHVVHVFRPSOH[VKHHWSDUWVFDQEHIRUPHGE\DSSO\LQJJHRPHWU\VSHFLILHGWRROSDWKV 
$OWKRXJK,6)SRVVHVVHVKLJKSURFHVVIOH[LELOLW\LWVLQGXVWULDODSSOLFDWLRQLVVWLOOOLPLWHGGXHWR
3URFHHGLQJVRI,0HFK(3DUW%-RXUQDORI(QJLQHHULQJ0DQXIDFWXUH9RO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ORZJHRPHWULFDODFFXUDF\ORQJSURFHVVLQJWLPHDQGVHYHUHVKHHWWKLQQLQJ$GDPVDQG-HVZLHW>@
UHFHQWO\VXPPDUL]HGVRPHJXLGHOLQHVDQGGHVLJQUXOHVIRUPXOWLVWHSLQFUHPHQWDOIRUPLQJSURFHVVHV
7R LPSURYH WKH JHRPHWULFDO DFFXUDF\ 0LFDUL HW DO [17] LQYHVWLJDWHG WKHNH\ ,6) SDUDPHWHUV WKDW
DIIHFWLQJ WKH JHRPHWULFDO DFFXUDF\$OOZRRG HW DO [18] HPSOR\HG VWHUHRYLVLRQ FDPHUDV WR REWDLQ
JHRPHWULFDOIHHGEDFNDQGWRLPSOHPHQWRQOLQHFRPSHQVDWLRQRQWKHSUHGHVLJQHGWRROSDWK$VJKDU
HWDO>@GHYHORSHGDQDQDO\WLFDOPRGHOWRFRPSHQVDWHIRUWKHVKHHWGHIOHFWLRQDQGWRROGHIOHFWLRQ
+XVVDLQ HW DO >@ IRFXVHG RQ WKH SLOORZ WHQGHQF\ GHIHFW LQ WKH PLGGOH RI WKH SDUWV DQG WKH
H[SHULPHQWDOUHVXOWVVKRZWKDWORZHUKDUGHQLQJH[SRQHQWKDGDSRVLWLYHHIIHFWRQFRQWUROSLOORZLQJ
0DOKRWUD HW DO [21] GHYHORSHGD VTXHH]LQJ WRROSDWK VWUDWHJ\ LQ'6,) WR LPSURYH WKHJHRPHWULFDO
DFFXUDF\7KHVH DSSURDFKHV FRXOG HIIHFWLYHO\ HQKDQFH WKH ,6) JHRPHWULFDO DFFXUDF\$QRWKHU ,6)
FKDOOHQJH FRPHV IURP VHYHUH VKHHW WKLQQLQJ DIWHU IRUPLQJ 7R SUHGLFW WKH WKLFNQHVV GLVWULEXWLRQ
%DPEDFK [22] GHYHORSHG D JHRPHWULFDO PRGHO WR FDOFXODWH WKH VKHHW WKLFNQHVV E\ DVVXPLQJ WKDW
VXUIDFH SRLQWV DOZD\V PRYH DORQJ WKH QRUPDO GLUHFWLRQ RI WKH VXUIDFH7R LPSURYH WKH WKLFNQHVV
GLVWULEXWLRQ'XIORXHWDO[23]GHYHORSHGWKHPXOWLSDVVIRUPLQJVWUDWHJ\0DQFRHWDO[24]DGRSWHG
IRXUPXOWLVWHSVWUDWHJLHVWRLQYHVWLJDWHWKHLQIOXHQFHRIIRUPLQJSDWKRQWKLFNQHVVGLVWULEXWLRQ=KDQJ
HW DO [25] GHVLJQHG D QXPEHU RI LQWHUPHGLDWH VKDSHV LQ PXOWLVWHS ,6) E\ HPSOR\LQJ WKH K\GUR
EXOJLQJIRUPLQJFRQFHSW/LXHWDO[26]FDUULHGRXWIXUWKHUZRUNLQGHVLJQLQJWKHLQWHUPHGLDWHVKDSHV
E\XVLQJDV\VWHPDWLFPHWKRGRORJ\+RZHYHURQHGUDZEDFNRIPXOWLVWHSVWUDWHJ\LVWKHLQFUHDVHG
SURFHVVLQJWLPH'LIIHUHQWIURPWKHPXOWLVWHSVWUDWHJ\'6,)[21]DQG$'6,)[14]VWUDWHJLHVPD\
DOVR EH XVHG WR LPSURYH WKH VKHHW WKLFNQHVV E\ FRQWUROOLQJ WKH DPRXQW RI VKHHW VTXHH]LQJ XQGHU
IRUPLQJ ORDG ,QDGGLWLRQDK\EULG IRUPLQJSURFHVVE\FRPELQLQJ WKHVWUHWFKLQJSURFHVVDQG ,6)
SURFHVVWRJHWKHUZDVSURSRVHGE\$UDJKLHWDO[15]7KLVSURFHVVFRXOGDOVRLPSURYHWKHWKLFNQHVV
GLVWULEXWLRQ+RZHYHULQWKLVK\EULGSURFHVVDVSHFLILHGVXSSRUWLQJGLHLVUHTXLUHG,QWKH,6)SURFHVV
DV WKH VKHHW LV SHULSKHUDOO\ FODPSHG QR PDWHULDO FRXOG IORZ LQWR WKH UHJLRQ RI WKH VKDSH IRUPHG
WKHUHIRUHVKHHWWKLQQLQJEHFRPHVXQDYRLGDEOH 
,QWKLVZRUNDQLPSURYHGIOH[LEOHIRUPLQJSURFHVVFRPELQLQJ03)DVSUHIRUPSURFHVVDQG,6)
DVILQLVKIRUPLQJSURFHVVKDVEHHQGHYHORSHG7RGHWHUPLQHWKHSUHIRUPVKDSHLQWKH03)SURFHVVD
WZRVWHS RSWLPL]DWLRQ DSSURDFK KDV EHHQ GHYHORSHG EDVHG RQ D WKLFNQHVV SUHGLFWLRQ PRGHO .H\
SDUDPHWHUVVXFKDVWKHGUDZLQJGHSWKDQGWKHSUHIRUPVKDSHDUHGHWHUPLQHGE\XVLQJWKHGHYHORSHG
RSWLPL]DWLRQ DSSURDFK 7ZR FDVH VWXG\ SUREOHPV LQFOXGLQJ IRUPLQJ D KHPLVSKHUH SDUW DQG DQ
3URFHHGLQJVRI,0HFK(3DUW%-RXUQDORI(QJLQHHULQJ0DQXIDFWXUH9RO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 
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DHURVSDFHFRZOLQJDUHLQYHVWLJDWHGWRYDOLGDWHWKHGHYHORSHGK\EULGIOH[LEOHSURFHVV7KHYDOLGDWLRQ
UHVXOWVVXJJHVWWKDWWKHQHZK\EULGIOH[LEOHIRUPLQJSURFHVVFRXOGDFKLHYHVKHHWSDUWVRIJUHDWHUGHSWK
ZLWKPRUHXQLIRUPWKLFNQHVVGLVWULEXWLRQ)LQDOO\GLVFXVVLRQVDQGFRQFOXVLRQVDUHPDGHEDVHGRQWKH
UHVXOWVRIQXPHULFDODQGH[SHULPHQWDOLQYHVWLJDWLRQ 
 
2. Methodology 
2.1 7KHK\EULGIOH[LEOHIRUPLQJDSSURDFK 
%\FRPELQLQJWKH03)DQG,6)WKHFRQFHSWRIWKHK\EULGIOH[LEOHIRUPLQJSURFHVVLVLOOXVWUDWHG
LQ)LJ,QWKHSUHIRUPLQJVWHSWKH03)SURFHVVLVLPSOHPHQWHGWRSURGXFHDSUHIRUPZKLFKDOORZV
PDWHULDOVDWWKHEODQNLQJDUHDWRIORZLQWRWKHGHIRUPDWLRQUHJLRQ:KLOHWKHEDVHSODWHLVVWDWLRQDU\
WKHSLQVRQWKHEDVHSODWHDUHDGMXVWHGWRWKHGHVLJQHGKHLJKWWRUHSUHVHQWWKHSUHIRUPVKDSH7KHQWKH
EODQNFODPSHGE\WKHEODQNKROGHUWUDYHOVGRZQDJDLQVWWKHSLQGLHDQGDSUHIRUPVKDSHLVREWDLQHG
7RFRQWUROWKHGLPSOHVDQGWRUHGXFHWKHRWKHUHIIHFWVFDXVHGE\WKHGLVFRQWLQXHGSLQVUXEEHUFXVKLRQ
LVXVHGLQWKHSURFHVVEHWZHHQWKHSLQGLHDQGWKHVKHHW$IWHUSUHIRUPLQJDQ,6)SURFHVVLV WKHQ
SHUIRUPHG WR ILQDOL]H WKH VKHHWPHWDO SDUW ,Q WKH ,6)SURFHVV WKHYHUVDWLOH WRROPRYHV DORQJ WKH
WRROSDWKDQGJUDGXDOO\GHIRUPVWKHVKHHWPHWDOLQWRWKHGHVLUHGJHRPHWU\7RDYRLGJHRPHWULFDOHUURUV
WKH LQIORZRIPDWHULDO LVQRWDOORZHG LQ WKH ,6)SURFHVV3DUWLFXODUO\ LQ WKH ,6)SURFHVV WKH WRRO
GHIRUPVWKHVKHHWIURPWKHFRQFDYHVLGHRIWKHSUHIRUP,QWKLVZD\WKHVKHHWFDQEHIXUWKHUGHIRUPHG
E\WKHVXEVHTXHQW,6)SURFHVVDQGWKHUHIRUHWKHGLPSOHVOHIWE\WKH03)SURFHVVFRXOGEHUHPRYHG
7KLVK\EULGSURFHVVKDVPDQ\EHQHILWVLQFOXGLQJ  
(1) $YRLGDQFH RI H[WUHPH VKHHW WKLQQLQJ WKH 03) SURFHVV DQG WKH ,6) SURFHVV DUH
FRPSOHPHQWDU\LQWKHWKLFNQHVVGLVWULEXWLRQ,QWKH03)VWHSLQIORZRIPDWHULDOLVDOORZHG
DV VKRZQ LQ )LJ  :LWK WKH PDWHULDO VXSSOHPHQW WKH DYHUDJH WKLFNQHVV LV LPSURYHG
FRPSDUHGZLWKFRQYHQWLRQDO,6)'HIRUPDWLRQPRGHDQGPDLQWKLQQLQJDUHDLQWKH03)VWHS
DUHDOVRGLIIHUHQWIURPWKH,6)VWHSDVVKRZQRQWKHSDUWFURVVVHFWLRQLQ)LJ,QWKH03)
VWHSWKLQQLQJRFFXUVDWWKHFHQWHUUHJLRQRIWKHSDUW,QWKH,6)VWHSWKLQQLQJRFFXUVDWWKH
ERXQGDU\GXHWRWKHODUJHIRUPLQJDQJOH:LWKWKHGLIIHUHQWWKLQQLQJUHJLRQVDFRPSDUDWLYHO\
HYHQWKLFNQHVVGLVWULEXWLRQFDQEHDFKLHYHG  
(2) +LJKHUSURFHVVIOH[LELOLW\$VWKHPXOWLSRLQWSLQGLHLVUHFRQILJXUDEOHWKHIOH[LELOLW\RIWKLV
K\EULGSURFHVVFDQEHPDLQWDLQHGZLWKRXWXVLQJH[SHQVLYHGLHV  
(3) +LJKHU IRUPDELOLW\ DOWKRXJK WKH IRUPDELOLW\ DW SUHIRUP VWHS LV VLPLODU WR WKDW LQ WKH
3URFHHGLQJVRI,0HFK(3DUW%-RXUQDORI(QJLQHHULQJ0DQXIDFWXUH9RO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 
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FRQYHQWLRQDOVWDPSLQJWKHIRUPDELOLW\FDQEHIXUWKHULPSURYHGLQWKHILQDO,6)SURFHVV  
(4) ,PSURYHGHIILFLHQF\XQOLNHWKHFRQYHQWLRQDOPXOWLSDVV,6)SURFHVVZLWKWKHLQYROYHPHQW
RI03)RQO\DVLQJOHVWHS,6)RSHUDWLRQLVUHTXLUHGWRIRUPWKHGHVLUHGSDUW,QWKLVZD\WKH
SURFHVVHIILFLHQF\LVLPSURYHGFRPSDULQJZLWKWKHFRQYHQWLRQDOPXOWLSDVV,6) 
 
)LJ7KHQHZK\EULG,6)SURFHVV6WHS0XOWLSRLQWIRUPLQJSURFHVV6WHS,QFUHPHQWDOVKHHW
IRUPLQJSURFHVV 
 
7RUHDOL]HWKHSURSRVHGK\EULGIOH[LEOHIRUPLQJSURFHVVDK\EULGIOH[LEOHIRUPLQJV\VWHPKDV
EHHQGHYHORSHGDVVKRZQLQ)LJ7KLVIRUPLQJV\VWHPFRQVLVWVRIDK\GUDXOLFSUHIRUPLQJPRGXOH
DQGDURERWLF,6)PRGXOH,QWKHSUHIRUPLQJPRGXOHWKHSLQVDUHIL[HGRQWRWKHVWDWLRQDU\EDVHSODWH
DQGWKHKHLJKWVRISLQVDUHDGMXVWHGE\URWDWLQJWKHSLQWKURXJKLWVWKUHDG7KHEODQNKROGHULVPRXQWHG
RQWKH03)IUDPHGXULQJWKHSUHIRUPLQJDVVKRZQLQ)LJD7KHK\GUDXOLFF\OLQGHUVDUHHPSOR\HG
WRGULYHWKH03)IUDPHWRPRYHWRZDUGVRUDZD\IURPWKHSLQGLH:KHQWKH03)VWHSLVFRPSOHWHG
WKHSUHIRUPHGSDUW WRJHWKHUZLWKWKHEODQNKROGHU LVGHWDFKHGIURPWKH03)IUDPHURWDWHGE\
GHJUHHVWRWKHYHUWLFDOSRVLWLRQDQGIL[HGRQWRWKH,6)IUDPHDVVKRZQLQ)LJE7KH,6)SURFHVV
LVLPSOHPHQWHGDQGWKHVKHHWPHWDOLVIXUWKHUGHIRUPHGE\DD[LVLQGXVWULDOURERW 
3URFHHGLQJVRI,0HFK(3DUW%-RXUQDORI(QJLQHHULQJ0DQXIDFWXUH9RO 
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)LJ+\EULG,6)ULJDK\GUDXOLFSUHIRUPLQJPRGXOHEURERWLF,6)PRGXOH 
 
$OWKRXJKWKLVQHZIOH[LEOHDQGK\EULGSURFHVVKDVPDQ\DGYDQWDJHVWKHLPSOHPHQWDWLRQRIWKLV
K\EULGSURFHVVVWLOO IDFHVFKDOOHQJHV ,Q WKHK\EULGSURFHVV WKHSUHIRUPVKDSHSOD\VDNH\UROH LQ
SURGXFLQJ XQLIRUP WKLFNQHVV GLVWULEXWLRQ 7R REWDLQ DQ RSWLPL]HG SUHIRUP GHVLJQ DQG VKDSH
RSWLPL]DWLRQSURFHGXUHVDUHHPSOR\HGWKURXJKQXPHULFDOSURFHVVPRGHOLQJIRUWKHSUHGLFWLRQRIILQDO
WKLFNQHVVGLVWULEXWLRQRIWKHIRUPHGSDUW 
 
2.2 1XPHULFDOSUHGLFWLRQRIWKLFNQHVVGLVWULEXWLRQ 
%HIRUH LPSOHPHQWDWLRQ RI SUHIRUP VKDSH RSWLPL]DWLRQ D WKLFNQHVV GLVWULEXWLRQ PRGHO LV
GHYHORSHGLQWKLVZRUN7KLVWKLFNQHVVSUHGLFWLRQPRGHOLQFOXGHVWZRVWHSVDVVKRZQLQ)LJWKH
03)WKLFNQHVVSUHGLFWLRQVWHSDQGWKH,6)WKLFNQHVVSUHGLFWLRQVWHS)RUWKH03)VWHSWKHWKLFNQHVV
GLVWULEXWLRQLVSUHGLFWHGE\XVLQJWKHILQLWHHOHPHQW)(DSSURDFK)RUWKH,6)VWHSDOWKRXJK)(
DSSURDFKFRXOGSURYLGHDQDFFXUDWH WKLFNQHVVSUHGLFWLRQUHVXOW >@ WKH ORQJVLPXODWLRQ WLPH LVD
FKDOOHQJLQJLVVXHLQWKHVKDSHRSWLPL]DWLRQSURFHGXUHEHFDXVHPDQ\WKRXVDQGLWHUDWLRQVDUHUHTXLUHG
,QWKLVZRUNWKHWKLFNQHVVGLVWULEXWLRQLVSUHGLFWHGE\XVLQJDPRUHHIILFLHQWJHRPHWULFDODSSURDFK
[28]  
 
 
 
 
 
)LJ0DWHULDOIORZDQGVKHHWWKLFNQHVVSUHGLFWLRQPRGHO 
 
6KHHWWKLFNQHVV
SUHGLFWLRQIRU
03)SURFHVV 
6KHHWWKLFNQHVV
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3UHIRUP
VKDSH 
)(VLPXODWLRQ
DSSURDFK 
)LQDOSDUW
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,QWKHZRUN$%$486H[SOLFLWFRGHLVHPSOR\HGWRVLPXODWHWKHSUHIRUPLQJSURFHVVDVVKRZQ
LQ)LJD,QWKH)(PRGHOWRHQVXUHWKHVLPXODWLRQHIILFLHQF\DQGDFFXUDF\IRUWKHEODQNVKHOO
HOHPHQWV65DUHXVHGZLWKLQWHJUDWLRQSRLQWVDORQJWKHWKLFNQHVVGLUHFWLRQ7KHVLGHOHQJWKRIHDFK
HOHPHQWLVPP)RUWKHUXEEHUFXVKLRQ2JGHQPRGHO1 LVDGRSWHGWRUHSUHVHQWWKHFRQVWLWXWLYH
UHODWLRQ'HWDLOHGSDUDPHWHUVIRUWKHUXEEHUFDQEHIRXQGLQ/LX¶VZRUN>@,QWKHPDWHULDOPRGHO
YRQ0LVHV\LHOGFULWHULRQDQGLVRWURSLFKDUGHQLQJDUHHPSOR\HG)RUWKH,6)VWHSDVWKHQXPHULFDO
VLPXODWLRQLVOHVVHIILFLHQWDJHRPHWULFDODSSURDFKKDVEHHQHPSOR\HG,QWKHDSSURDFKDVWKHVKHHW
LVXQGHUVWUHWFKLQJFRQGLWLRQWKHPDWHULDOLVDVVXPHGWRPRYHDORQJWKHVKHHWQRUPDOGLUHFWLRQ[24]
,QWKLVZD\WKHQRGDOSRVLWLRQFDQEHXSGDWHGDQGWKHWKLFNQHVVFDQEHFDOFXODWHGEDVHGRQWKHXSGDWHG
SRVLWLRQ RI QRGDO SRLQWV 8VLQJ WKLV DSSURDFK WKH ILQDO WKLFNQHVV GLVWULEXWLRQ RI WKH SDUW FDQ EH
REWDLQHGLQDUHODWLYHO\VKRUWWLPH7RHQDEOHWKHSURSRVHGVKHHWWKLFNQHVVSUHGLFWLRQPRGHOWRUXQ
DXWRPDWLFDOO\ DQ LQKRXVHGHYHORSHGSURJUDP LV HPSOR\HG WR LQWHJUDWH WKH$%$486 VLPXODWLRQ
H[WUDFWWKHVLPXODWLRQUHVXOWVDQGFDOFXODWHDQGRXWSXWWKHILQDOVKHHWWKLFNQHVV  
  
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)LJ7ZRVWHSVKHHWWKLFNQHVVSUHGLFWLRQDSUHIRUPLQJ$%$486H[SOLFLWVLPXODWLRQEILQDO
IRUPLQJJHRPHWULFDOSUHGLFWLRQDSSURDFK 
 
2.3 'HWHUPLQDWLRQRISUHIRUPKHLJKWDQGVKDSH 
,QWKHK\EULGIRUPLQJPHWKRGWKH03)GUDZLQJGHSWKSUHIRUPKHLJKWDQGWKHSUHIRUPVKDSH
DUHWKHWZRPDLQSDUDPHWHUVWKDWDIIHFWWKHILQDOWKLFNQHVVGLVWULEXWLRQ7KHGUDZLQJGHSWKGHWHUPLQHG
WKH DPRXQW RI VKHHW IORZLQJ LQWR WKH FDYLW\ DQG WKH SUHIRUP VKDSH GHWHUPLQHG WKH XQLIRUPLW\ RI
WKLFNQHVVGLVWULEXWLRQ,QWKHRSWLPL]DWLRQDVWKHUHDUHPDQ\SDUDPHWHUVWKHRSWLPL]DWLRQRIGUDZLQJ
GHSWKDQGSUHIRUPVKDSHDUHFRQVLGHUHGVHSDUDWHO\DQGDWZRVWHSRSWLPL]DWLRQSURFHVVLVHPSOR\HG
'HWHUPLQDWLRQRIGUDZLQJGHSWK2SWLPL]DWLRQRISUHIRUPVKDSH 
&RQFHUQLQJ WKHGHWHUPLQDWLRQRI GUDZLQJGHSWK ZLWK WKH LQFUHDVLQJRIGUDZLQJGHSWKPRUH
PDWHULDOZLOOEHGUDZQLQWRWKHIRUPLQJDUHD7KLVFDQUHVXOWLQKLJKHUDYHUDJHWKLFNQHVV+RZHYHULI
3URFHHGLQJVRI,0HFK(3DUW%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WKHGUDZLQJGHSWKLVWRRODUJHGHIHFWVVXFKDVIUDFWXUHVHYHUHZULQNOLQJRU,6)ULJLGERG\PRWLRQ
PD\RFFXULQWKHK\EULGIRUPLQJSURFHVV$QDSSURSULDWHGUDZLQJGHSWKLVUHTXLUHGWRPD[LPL]HWKH
XQLIRUPWKLFNQHVVGLVWULEXWLRQEXWDYRLGVKHHWIDLOXUH&RQFHUQLQJWKHGHWHUPLQDWLRQRISUHIRUPVKDSH
DV WKHJHRPHWU\RI WKHSUHIRUP LVGHVFULEHGE\D VHULHVRI185% FXUYHVZLWKFRQWUROSRLQWV WKH
SUHIRUPVKDSHLVRSWLPL]HGE\YDU\LQJWKHSRVLWLRQRIFRQWUROSRLQWV7KLVNLQGRIRSWLPL]DWLRQPRGHO
PD\LQYROYHLQFRQVLGHUDEOHQXPEHURIRSWLPL]DWLRQYDULDEOHV,QWKLVZRUNDQXQFRXSOHGWZRVWHS
RSWLPL]DWLRQVWUDWHJ\LVHPSOR\HG,QWKHILUVWVWHSWKHRSWLPL]DWLRQREMHFWLYHLVWRILQGWKHPD[LPXP
03) GUDZLQJ GHSWK ZLWKRXW IRUPLQJ GHIHFWV VXFK DV VHYHUH ZULQNOLQJ ,Q WKH VHFRQG VWHS WKH
SUHIRUPVKDSHLVRSWLPL]HGEDVHGRQWKHRSWLPL]HGGUDZLQJGHSWKZLWKWKHFRQYHQWLRQDOJUDGLHQW
EDVHGVHDUFKPHWKRG[30] 
7KHGHWDLOHGRSWLPL]DWLRQSURFHGXUHLVGHVFULEHGE\)LJ6WDUWHGIURPDQLQLWLDOSUHIRUPVKDSH
SUHIRUPSURFHVV LV VLPXODWHG DQG WKHGUDZLQJGHSWK LV RSWLPL]HGE\JUDGXDOO\ LQFUHDVLQJ LW7KLV
SURFHVVZLOOEHVWRSSHGZKHQUHDFKLQJ WKH OLPLW WRDYRLGSRVVLEOHVWHSSHGIHDWXUH LQ ,6)SURFHVV
ZULQNOHVXQDEOHWREHUHPRYHGDQGIUDFWXUH:LWKWKHRSWLPL]HGGUDZLQJGHSWKWKLFNQHVVGLVWULEXWLRQ
FDQEHRSWLPL]HGE\XVLQJWKHJHRPHWULFDODSSURDFK7KHVKDSHRSWLPL]DWLRQFDQEHLPSOHPHQWHGE\
PRGLI\LQJWKHFRQWUROSRLQWV7KHDERYHGHVFULEHGSURFHGXUHLVDFKLHYHGE\DQLQKRXVHGHYHORSHG
RSWLPL]DWLRQFRGH  
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3. Case study  
7R YDOLGDWH WKH GHYHORSHG DSSURDFK RQ SUHIRUP VKDSH GHVLJQ WZR FDVH VWXGLHV LQFOXGLQJ
IRUPLQJDKHPLVSKHUHSDUWDQGDQDHURVSDFHFRZOLQJSDUWDUHLPSOHPHQWHG8VLQJWKHVHWZRFDVH
VWXGLHV WKH DFFXUDF\ RI WKH WKLFNQHVV SUHGLFWLRQ PRGHO DQG WKH HIIHFW RI WKH SUHIRUP VKDSH
RSWLPL]DWLRQ PHWKRGV DUH HYDOXDWHG ,Q ERWK FDVHV DOXPLQXP DOOR\ $2 ZLWK LQLWLDO VKHHW
WKLFNQHVVRIPPLVHPSOR\HGLQWKLVZRUN,QWKHPDWHULDOPRGHO<RXQJ¶VPRGXOHVRI*3DDQG
3RLVVRQ¶V UDWLRRIKDYHEHHQXVHG)RU WKHSODVWLFPRGHO WKH IORZVWUHVVZKLFKSURYLGHGE\
GLVFUHWHSRLQWVIURPWHQVLOHWHVWKDVEHHQJLYHQE\)LJ)RUWKHDQQHDOHG$$$2WKHPDWHULDO
LV FRQVLGHUHG DV LVRWURSLF &RQFHUQLQJ WKH IULFWLRQ FRHIILFLHQW )LJXHLUGR HW DO >@ PHDVXUHG WKH
IULFWLRQFRHIILFLHQWDVIURPGUDZEHDGWHVWIRUDOXPLQXPVKHHW$$6DQFKH]HWDO>@
DQG:HLHWDO>@DOVRPHDVXUHGIULFWLRQFRHIILFLHQWIRUVKHHWPHWDOIRUPLQJLQZKLFKWKHYDOXHLV
DURXQG$FFRUGLQJ WR WKHVHVWXGLHV WKHIULFWLRQFRHIILFLHQWRIKDVEHHQHPSOR\HG LQ WKH
VLPXODWLRQVLQWKLVZRUN 
 
)LJ$2IORZVWUHVVVWUDLQGLDJUDP 
 
&DVH6WXG\+HPLVSKHUH 
,QWKHILUVWFDVHDFRPPRQO\XVHGKHPLVSKHUHSDUWVKRZQLQ)LJLVIDEULFDWHGWRYDOLGDWHWKH
GHYHORSHGK\EULGIRUPLQJSURFHVV7KHGLDPHWHURIWKHKHPLVSKHUHLVPP&RQFHUQLQJWKHEODQN
VL]H LI LW LV WRR VPDOO LWPD\QRWSURYLGH HQRXJKPDWHULDO LQIORZ LQ WKH IRUPLQJSURFHVV 2Q WKH
FRQWUDU\LILWLVWRRODUJHZULQNOLQJDQGRWKHUGHIHFWVPD\RFFXUGXULQJWKHSURFHVV,QWKLVZRUN
ERWKEODQNGLDPHWHURIPPDQGPPKDYHEHHQWULHGDQGWKHGLDPHWHURIPPKDVEHHQ
HPSOR\HGGXHWREHWWHUPDWHULDOLQIORZZLWKRXWREYLRXVZULQNOLQJ,QWKH,6)SURFHVVDIRUPLQJWRRO
3URFHHGLQJVRI,0HFK(3DUW%-RXUQDORI(QJLQHHULQJ0DQXIDFWXUH9RO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ZLWKUDGLXVRIPPLVHPSOR\HG+HOLFDOWRROSDWKZLWKFRQVWDQWVFDOORSKHLJKWPPLVHPSOR\HG
LQRUGHUWRDFKLHYHXQLIRUPVXUIDFHURXJKQHVVDWGLIIHUHQWIRUPLQJDQJOHV,QRUGHUWRYDOLGDWHWKH
GHYHORSHG VKHHW WKLFNQHVV SUHGLFWLRQ PRGHO D VHULHV RI YHULILFDWLRQ KDV EHHQ LPSOHPHQWHG 7KH
GHYHORSHG WKLFNQHVV SUHGLFWLRQ PRGHO LV FRPSDUHG ZLWK WKH H[SHULPHQW UHVXOW DQG WKH GLIIHUHQW
RSWLPL]DWLRQVWHSVDUHLQGLYLGXDOO\FRPSDUHG)LQDOO\WKHRSWLPL]HGUHVXOWLVWKHQFRPSDUHGZLWKWKH
FRQYHQWLRQDOPXOWLVWHS,6)SURFHVV 
 
)LJ7KHGHVLJQHGKHPLVSKHUH8QLWVPP 
 
3UHIRUPVKDSHRSWLPL]DWLRQ 
'XHWRWKHD[LV\PPHWULFIHDWXUHRIWKHJHRPHWU\D'VSOLQHFXUYHFRQWUROOHGE\SRLQWV3WR
3LVHPSOR\HGWRGHVFULEHWKHFURVVVHFWLRQDVVKRZQLQ)LJD&RQFHUQLQJWKHLQLWLDOSUHIRUP
VKDSHGHVLJQWKHLQLWLDOGUDZLQJGHSWKLVDVVLJQHGWREHPPDQGWKHPD[LPXPVKHHWWKLQQLQJLV
DFFRUGLQJWRWKHSUHGLFWLRQ,QWKHRSWLPL]DWLRQWKHGUDZLQJGHSWKLVLQFUHDVHGJUDGXDOO\E\
PRYLQJXSZDUGSRLQWVZLWKDQ LQWHUYDORIPP DV LOOXVWUDWHG LQ)LJ:KHQ WKHGUDZLQJGHSWK
UHDFKHVPPWKHPD[LPXPVKHHWWKLQQLQJLVDERXW+RZHYHUWKLVGUDZLQJGHSWKFDQQRW
EHIXUWKHULQFUHDVHGZKHQWKHGUDZLQJGHSWKUHDFKHVPP7KLVLVEHFDXVHWKHVWHSSHGIHDWXUHFDQ
EHIRXQGLQWKHIROORZLQJ,6)SURFHVVZKLFKLVFDXVHGE\WKHULJLGERG\PRWLRQ[34],QWKLVZD\
WKHIRUPLQJGHSWKRIPPLVREWDLQHGLQWKHSUHIRUPLQJVWHS 
7RDFKLHYHDKLJKHUDQGPRUHXQLIRUPWKLFNQHVVGLVWULEXWLRQVKDSHRSWLPL]DWLRQRIWKHSUHIRUP
KDVDOVREHHQLPSOHPHQWHG,QWKHVKDSHRSWLPL]DWLRQFRQWUROSRLQWV333DQG3DUHIL[HGWR
HQVXUHWKH&DQG&FRQWLQXLW\DWWZRHQGVDVVKRZQLQ)LJD2QO\WKHFRQWUROSRLQW3FDQEH
YDULHGDQGSRVLWLRQRI3LVPRGLILHGDORQJWKHQRUPDOGLUHFWLRQRIVSOLQHWRREWDLQWKHEHVWSUHIRUP
VKDSH$V VKRZQ LQ )LJ  ZKHQ WKH SUHIRUP VKDSH YDULHV IURP & WR & WKH ILQDO WKLFNQHVV
GLVWULEXWLRQ ZDV LPSURYHG +RZHYHU IXUWKHU SUHIRUP RSWLPL]DWLRQ WR & IDLOHG WR LPSURYH WKH
WKLFNQHVV GLVWULEXWLRQ 7KXV WKH SUHIRUP VKDSH & LV HPSOR\HG LQ WKLV ZRUN 7KH WKLFNQHVV
GLVWULEXWLRQVE\XVLQJSUHIRUP&DQG&DUHFRPSDUHGLQ)LJFDQGG  
3URFHHGLQJVRI,0HFK(3DUW%-RXUQDORI(QJLQHHULQJ0DQXIDFWXUH9RO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)LJ3UHIRUPVKDSHRSWLPL]DWLRQDVKDSHFRQWUROPHWKRGERSWLPL]DWLRQSURFHVVFF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F
SDUWWKLFNQHVVGLVWULEXWLRQXQGHU&GSDUWWKLFNQHVVGLVWULEXWLRQXQGHU& 
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)LJ3UHGLFWHGILQDOSDUWPD[LPXPVKHHWWKLQQLQJGXULQJSUHIRUPVKDSHRSWLPL]DWLRQ 
 
8VLQJWKHRSWLPL]HGGUDZLQJGHSWKDQGSUHIRUPVKDSHSK\VLFDOH[SHULPHQWVDUHLPSOHPHQWHG
E\ XVLQJ WKH GHYHORSHG IRUPLQJ V\VWHP $V VKRZQ LQ )LJ  WKH KHPLVSKHUH SDUW FRXOG EH
VXFFHVVIXOO\REWDLQHG,QWKH03)VWHSDVVKRZQLQ)LJDGLPSOHVFDQEHREVHUYHGRQWKHSDUW
VXUIDFH7KHVHGLPSOHVDUHFDXVHGE\WKHSLQGLHDVUXEEHUFXVKLRQGRHVQRWSURYLGHHQRXJKVXSSRUW
LQWKH03)SURFHVV+RZHYHUWKHVHGHIHFWVDUHUHPRYHGLQWKH,6)SURFHVVDQGVPRRWKVXUIDFHLV
REWDLQHGDVVKRZQLQ)LJE  
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)LJ3URFHGXUHIRUKHPLVSKHUHZLWKWKHQHZK\EULG,6)SURFHVVDSUHIRUPLQJEILQDO
IRUPLQJ 
 
7KLFNQHVVSUHGLFWLRQPRGHOYDOLGDWLRQ  
8VLQJ WKH SUHIRUP VKDSH & WKDW JLYHQ LQ )LJ  WKH SUHGLFWHG DQG PHDVXUHG WKLFNQHVV
GLVWULEXWLRQVDUHFRPSDUHGDVVKRZQLQ)LJ$VFDQEHVHHQLQWKHILJXUHWKHPLQLPXPWKLFNQHVV
REWDLQHGIURP)(PRGHOLQJLVDERXWPPZKLFKLVVLPLODUWRWKHH[SHULPHQWDOUHVXOWV7KHORFDWLRQ
ZKHUH WKH PLQLPXP WKLFNQHVV RFFXUV LV DOVR SUHGLFWHG ZLWK VDWLVIDFWLRQ7KLV UHVXOW VXJJHVWV WKH
3URFHHGLQJVRI,0HFK(3DUW%-RXUQDORI(QJLQHHULQJ0DQXIDFWXUH9RO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UREXVWQHVV RI WKH GHYHORSHG WKLFNQHVV SUHGLFWLRQ PRGHO +RZHYHU VRPH GHYLDWLRQV FDQ DOVR EH
REVHUYHGDURXQGWKHHGJHDQGFHQWHURIWKHKHPLVSKHUHSDUW7KHVHLQDFFXUDFLHVPD\EHEHFDXVHRI
WKHOLPLWHGSUHGLFWLRQDFFXUDF\RIWKHJHRPHWULFDODSSURDFK  
 
)LJ7KLFNQHVVGLVWULEXWLRQFRPSDULVRQSUHGLFWLRQDQGH[SHULPHQW 
 
9HULILFDWLRQRI3UHIRUP2SWLPL]DWLRQ 
7RYHULI\WKHHIIHFWLYHQHVVRIWKHSUHIRUPRSWLPL]DWLRQIRUPLQJFDVHVZLWKSUHIRUPKLJKRI
PPDQGPPDUHFRPSDUHG$VFDQEHVHHQ LQ)LJXQGHU WKHGUDZLQJGHSWKRIPP WKH
PLQLPXPWKLFNQHVVLVDERXWPPZKLFKLPSOLHVDWKLFNQHVVUHGXFWLRQRIDERXW:KHQWKH
GUDZLQJ GHSWK LV LQFUHDVHG WR PP WKH PLQLPXP WKLFNQHVV LQFUHDVHV WR DERXW PP ZKLFK
LQGLFDWHVDQLQFUHDVHRI7KLVUHVXOWVXJJHVWVWKDWLQFUHDVLQJGUDZLQJGHSWKLVDTXLWHHIIHFWLYH
ZD\WRUHGXFHWKHWKLFNQHVVUHGXFWLRQ  
 
)LJ([SHULPHQWDOVKHHWWKLFNQHVVGLVWULEXWLRQFRPSDULVRQ3UHIRUPKHLJKWPPDQG3UHIRUP
KHLJKWPP 
3URFHHGLQJVRI,0HFK(3DUW%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&RQFHUQLQJ WKH VKDSH RSWLPL]DWLRQ E\ KROGLQJ WKH GUDZLQJ GHSWK RI  PP WKLFNQHVV
GLVWULEXWLRQVEHIRUHDQGDIWHUWKHVKDSHRSWLPL]DWLRQDUHFRPSDUHGDVVKRZQLQ)LJ$VFDQEH
VHHQ LQ WKH ILJXUH WKH GLVWULEXWLRQ RI WKLFNQHVV LV VOLJKWO\ FKDQJHG7KLV LV EHFDXVH LQ WKH VKDSH
RSWLPL]DWLRQWKHSUHIRUPVKDSHFDQRQO\EHPRGLILHGORFDOO\ZLWKOLPLWHGDPRXQW+RZHYHUGXHWR
WKLVRSWLPL]DWLRQ WKHPLQLPXP WKLFNQHVV LV IXUWKHU LQFUHDVHG WRPPZKLFK VXJJHVWV DQRWKHU
LQFUHDVH RI  7KLV UHVXOW VXJJHVWV WKDW RSWLPL]LQJ WKH SUHIRUP VKDSH FRXOG DOVR LPSURYH WKH
WKLFNQHVVGLVWULEXWLRQ  
 )LJ([SHULPHQWDOWKLFNQHVVGLVWULEXWLRQFRPSDULVRQ3UHIRUPVKDSH&DQG3UHIRUPVKDSH& 
&RPSDULVRQZLWKWKHFRQYHQWLRQDO,6)SURFHVV 
7RYHULI\WKHHIIHFWLYHQHVVRIWKHGHYHORSHGK\EULGIOH[LEOHSURFHVVWKHWKLFNQHVVGLVWULEXWLRQV
REWDLQHGLQERWKK\EULGSURFHVVDQGFRQYHQWLRQDO,6)SURFHVVDUHFRPSDUHG)RUWKH,6)SURFHVVDV
WKHZDOODQJOHRIWKLVKHPLVSKHUHSDUWLVDSSURDFKϨLWLVGLIILFXOWWRGLUHFWO\SURGXFHWKHSDUWZLWK
RQHIRUPLQJVWHS$OWHUQDWLYHO\DVWHSIRUPLQJVWUDWHJ\KDVEHHQHPSOR\HGDVVKRZQLQ)LJ,Q
WKLVVWUDWHJ\IRXUIRUZDUGIRUPLQJSDVVDQGDEDFNZDUGIRUPLQJSDVVDUHHPSOR\HG  
 
)LJ,QWHUPHGLDWHVWHSVIRUPXOWLVWHS,6)SURFHVV 
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(YHQZLWKIRUPLQJVWHSVWKHGHVLJQHGKHPLVSKHUHSDUWFDQQRWEHSURGXFHGGXHWRWKHOLPLWHG
IRUPDELOLW\RI$PDWHULDO,QWKHH[SHULPHQWIUDFWXUHRFFXUVLQWKHUGVWHS7KHWKLFNQHVVRIWKH
IDLOHGSDUWLVPHDVXUHGDQGFRPSDULVRQUHVXOWVDUHLOOXVWUDWHGLQ)LJ$VFDQEHVHHQLQWKHILJXUH
H[WUHPHVKHHWWKLQQLQJRFFXUVGXULQJWKH,6)SURFHVVDQGWKHPLQLPXPWKLFNQHVVLVDERXWPP
7KLV WKLFNQHVV LVPXFKORZHUWKDQWKHYDOXHRIPP WKDWREWDLQHGLQ WKHK\EULGSURFHVV7KLV
UHVXOWVXJJHVWVWKDWE\WDNLQJRIDGYDQWDJHVRIGUDZLQJDQG,6)VKHHWSDUWVZLWKGHHSFDYLW\FDQEH
IDEULFDWHGVXFFHVVIXOO\ 
 
)LJ([SHULPHQWWKLFNQHVVGLVWULEXWLRQFRPSDULVRQVWHS,6)SURFHVVDQGK\EULGIOH[LEOH
IRUPLQJSURFHVV 
 
&DVH6WXG\$HURVSDFHFRZOLQJ 
,QSUHYLRXVFDVHVWXG\DFRPPRQO\XVHGKHPLVSKHUHSDUWKDVEHHQIDEULFDWHGZLWKLPSURYHG
WKLFNQHVVGLVWULEXWLRQ7RIXUWKHUYDOLGDWHWKHHQKDQFHGFDSDELOLW\RIWKHGHYHORSHGK\EULGSURFHVV
DQDHURVSDFHFRZOLQJSDUWWKDWIURPDUHDOLQGXVWULDODSSOLFDWLRQLVLQYHVWLJDWHGLQWKLVFDVHVWXG\7KLV
SDUWKDVVWULFWWKLFNQHVVVSHFLILFDWLRQWRHQVXUHLWVVWLIIQHVVDQGULJLGLW\LQVHUYLFH7KHJHRPHWULFDO
GLPHQVLRQVRIWKLVFRZOLQJDUHVSHFLILHGLQ)LJDZKLFKLVPPLQOHQJWKPPLQZLGWK
DQGPPLQKHLJKW$VVKRZQLQ)LJEWKHSDUWJHRPHWU\LVPDLQO\FRQWUROOHGE\FURVVVHFWLRQV
$$DQG%%WKXVFORVHUDWWHQWLRQLVSDLGRQWKHVHWZRFURVVVHFWLRQVLQWKHVWXG\'XHWRGHHSFDYLW\
IHDWXUHVWKLVSDUWFDQQRWEHIRUPHGE\HLWKHUGHHSGUDZLQJRU,6)DSSURDFKLQGLYLGXDOO\$FFRUGLQJ
WRWKHVWXG\RI+XVVDLQ>@WRROUDGLXVRIPPLVDUHDVRQDEOHFKRLFHWRPDLQWDLQDKLJKOHYHORI
IRUPDELOLW\+RZHYHULQWKLVFDVHFRQVLGHULQJWKHODUJHVL]HRIWKHSDUWZLWKFRUUHVSRQGLQJIRUPLQJ
HIILFLHQF\DQGWRROVWLIIQHVVPPWRROUDGLXVKDVEHHQHPSOR\HGLQVWHDG$KHOLFDOWRROSDWKZLWK
FRQVWDQW VFDOORSKHLJKW RIPP LV HPSOR\HG LQ DOO WKH ,6) VWHSV WR DFKLHYHXQLIRUPVXUIDFH
URXJKQHVV  
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)LJ7KHGHVLJQHGFRZOLQJD3DUWJHRPHWU\E0DLQIUDPH8QLWVPP  
 
2SWLPL]DWLRQRIGUDZLQJGHSWKDQGSUHIRUPVKDSH 
7RGHWHUPLQHWKHEHVWGUDZLQJGHSWKDQLQLWLDOGUDZLQJGHSWKRIPPLVHPSOR\HG,QWKH
ILUVWRSWLPL]DWLRQGUDZLQJGHSWKLVJUDGXDOO\LQFUHDVHGZLWKDQLQWHUYDORIPP7KHHYROXWLRQRI
SUHIRUPFDQEHREVHUYHGLQ)LJ$VVKRZQLQWKHILJXUHPRVWRIWKHVKDSHFKDQJHVRFFXULQWKH
RSWLPL]DWLRQRIGUDZLQJGHSWKZKLOHWKHUHLVRQO\OLPLWHGVKDSHFKDQJHLQVKDSHRSWLPL]DWLRQ  
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)LJ3UHIRUPRSWLPL]DWLRQDUHKHLJKWRSWLPL]DWLRQDQGLVVKDSHRSWLPL]DWLRQD&URVV
VHFWLRQ$$E&URVVVHFWLRQ%% 
 
&RQFHUQLQJWKHRSWLPL]DWLRQUHVXOWLQWKHLQLWLDOGHVLJQWKHPD[LPXPVKHHWWKLQQLQJLVDERXW
 LQ SUHIRUP DQG  LQ ILQDO JHRPHWU\ :LWK WKH RSWLPL]DWLRQ LWHUDWLRQV WKH ILQDO VKHHW
WKLFNQHVVWKLQQLQJJUDGXDOO\GHFUHDVHGWRDYDOXHRIDVVKRZQLQ)LJSUHIRUPVKDSH
3URFHHGLQJVRI,0HFK(3DUW%-RXUQDORI(QJLQHHULQJ0DQXIDFWXUH9RO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+RZHYHUIXUWKHULQFUHDVHRIIRUPLQJGHSWKZLOOUHVXOWLQVHYHUHZULQNOLQJDQGWKHRSWLPL]DWLRQRI
GUDZLQJGHSWKVWRSVDWWKHYDOXHRIPP7KLVUHVXOWVXJJHVWVWKDWZLWKWKHLQFUHDVLQJRIGUDZLQJ
GHSWK WKH RYHUDOO WKLFNQHVV LV LQFUHDVHG E\  %DVHG RQ WKH GUDZLQJ GHSWK RSWLPL]DWLRQ DV
VKRZQLQ)LJIXUWKHUVKDSHRSWLPL]DWLRQLVLPSOHPHQWHGDQGWKHWKLFNQHVVLQFUHDVHGDERXW
PP$IWHU WKHRSWLPL]DWLRQ WKHPLQLPXP WKLFNQHVV LVSUHGLFWHG WREHPP DQG WKH WKLFNQHVV
UHGXFWLRQLVDERXW7KHWKLFNQHVVGLVWULEXWLRQVRISUHIRUPDQGDUHFRPSDUHGLQ)LJ$V
FDQEHVHHQLQWKHILJXUHWKHVKHHW WKLFNQHVVWKLQQLQJVLWXDWLRQDWWKHWRSRIWKHFRZOLQJKDVEHHQ
LPSURYHG 
 )LJ3UHGLFWHGVKHHWWKLFNQHVVGLVWULEXWLRQD3UHIRUPE3UHIRUP 
 
&RQFHUQLQJ WKH UHGXFWLRQ RI VKHHW WKLFNQHVV WKLQQLQJ DV VKRZQ LQ )LJ  WKH PDMRU
LPSURYHPHQWRFFXUVLQ WKHILUVWSURFHGXUHRI LQFUHDVLQJWKHGUDZLQJGHSWKVKDSHLQ)LJ
7KHUHLVRQO\OLPLWHGLPSURYHPHQWLQWKHVHFRQGSURFHGXUHRIVKDSHRSWLPL]DWLRQVKDSHLQ)LJ
7KLVLVEHFDXVHLQWKHVHFRQGVWHSDVWKHGUDZLQJGHSWKRIPPLVDSSURDFKLQJWKHWRWDOGHSWK
RIPPWKHUHLVRQO\OLPLWHGVSDFHIRUVKDSHRSWLPL]DWLRQDQGWKHVKDSHLVVOLJKWO\FKDQJHGLQWKH
VHFRQGRSWLPL]DWLRQVWHS  
 )LJ3UHGLFWHGILQDOSDUWPD[LPXPVKHHWWKLQQLQJGXULQJSUHIRUPRSWLPL]DWLRQ 
3URFHHGLQJVRI,0HFK(3DUW%-RXUQDORI(QJLQHHULQJ0DQXIDFWXUH9RO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([SHULPHQWDOYDOLGDWLRQ 
%DVHG RQ WKH RSWLPL]HG GHVLJQ H[SHULPHQW KDV EHHQ LPSOHPHQWHG WR YDOLGDWH WKH QXPHULFDO
UHVXOWV7KHILQLVKHGSDUWLVVKRZQLQ)LJD$VFDQEHVHHQLQWKHILJXUHWKHSDUWFDQEHILQLVKHG
VXFFHVVIXOO\7KLFNQHVVRQFURVVVHFWLRQ$$IRUERWKH[SHULPHQWDQGSUHGLFWLRQDUHVKRZQLQ)LJ
E7KHPD[LPXPPHDVXUHGWKLFNQHVVUHGXFWLRQLVZLWKLQWKHLQGXVWULDOWROHUDQFH)RUWKH
VHFWLRQ$DWWKHYHUWLFDOZDOOVLQFHWKHSUHIRUPVKDSHLVDOPRVWWKHVDPHDVWKHILQDOJHRPHWU\DQG
KDVQRZULQNOHVLQWKLVDUHDWKH,6)VWHSGRHVQRWKDYHPXFKLQIOXHQFHRQWKLVDUHDDQGWKHSUHGLFWLRQ
YDOXHVDUHFRQVLVWHQWZLWKWKHH[SHULPHQWUHVXOWV)RUWKHVHFWLRQ%IURPYHUWLFDOZDOOGHJUHHVWR
DERXWZDOODQJOHZLWKGHJUHHVWKHGHYLDWLRQFDQEHREVHUYHGDQGWKHSUHGLFWLRQUHVXOWLVKLJKHU
WKDQWKHPHDVXUHPHQW7KLVGHYLDWLRQPD\EHFDXVHGE\OLPLWHGDFFXUDF\RIJHRPHWULFDODSSURDFK
)RUWKHVHFWLRQ&DWWKHWRSRISDUWVOLJKWGHYLDWLRQFDQVWLOOEHREVHUYHG1HZWKLFNQHVVSUHGLFWLRQ
PRGHOLQ,6)SURFHVVLVUHTXLUHGWRLPSURYHWKHRYHUDOOWKLFNQHVVSUHGLFWLRQ 
 
D 
 
E 
)LJ([SHULPHQWUHVXOWVD2EWDLQHGFRZOLQJSDUWE6KHHWWKLFNQHVVGLVWULEXWLRQRQFURVV
VHFWLRQ$$ 
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'LVFXVVLRQRIUHVXOWV 
,QWKHFRQYHQWLRQDO,6)SURFHVVVHYHUHVKHHWWKLQQLQJDQGWKHUHVXOWLQJOLPLWHGIRUPDELOLW\LV
RQHRIWKHPDLQFRQVWUDLQVIRULWVLQGXVWULDODSSOLFDWLRQ7KLVLVHVSHFLDOO\WUXHIRUSDUWVZLWKGHHS
FDYLW\VXFKDVWKHWZRVWXG\FDVHVHPSOR\HGLQWKLVSDSHU7KHK\EULGIOH[LEOHIRUPLQJSURFHVVWKDW
FRPELQLQJ ERWK WKH 03) DQG WKH ,6) SURFHVVHV EHFRPHV D SRVVLEOH VROXWLRQ 8VLQJ WKHVH WZR
SURFHVVHVWKHDGYDQWDJHVVXFKDVSURFHVVIOH[LELOLW\WKHGUDZLQHIIHFWIRUPDWHULDOVXSSOHPHQWWKH
ORFDOL]HG HIIHFW IRU LQFUHDVHG IRUPDELOLW\ DUH LQFOXGHG7KHGLVDGYDQWDJHV VXFKDV H[WUHPH VKHHW
WKLQQLQJORQJSURFHVVLQJWLPHDQGOLPLWHGJHRPHWULFFRPSOH[LW\FDQDOVREHDYRLGHGLQWKLVK\EULG
SURFHVV  
&RPSDULQJ ZLWK WKH UHOHYDQW IOH[LEOH IRUPLQJ SURFHVV VXFK DV ,6) WKH GHIRUPDWLRQ PRGHV
EHWZHHQ WKHVH WZRSURFHVVHV DUHTXLWHGLIIHUHQW ,Q ,6)SODQH VWUDLQGHIRUPDWLRQ LV WKHGRPLQDWH
GHIRUPDWLRQPRGHDQGWKHWKLFNQHVVUHGXFWLRQLVGHWHUPLQHGE\WKHIRUPLQJDQJOH>@0XOWLVWDJH
,6)LQKHULWVWKH,6)GHIRUPDWLRQPRGHRISODQHVWUDLQEXWWKHWKLFNQHVVUHGXFWLRQLVYDULHGIRUHDFK
VWHSDFFRUGLQJWRWKHGHIRUPDWLRQRUGHUDQGUDWLR>@+RZHYHUIRUWKHK\EULGIRUPLQJSURFHVVDV
FDQEHREVHUYHGLQWKLVZRUNWKHPDMRULW\RIVKHHWGHIRUPDWLRQILQLVKHGLQWKH03)VWHSLQZKLFKWKH
VKHHWWKLQQLQJIROORZVWKHFRQYHQWLRQDOVKHHWIRUPLQJGHIRUPDWLRQPRGH$WWKHILQDOIRUPLQJVWDJH
WKHGHIRUPDWLRQPRGHEHFRPHV,6)+RZHYHUWKLVGHIRUPDWLRQLVTXLWHOLPLWHGWKXVWKHHIIHFWIURP
,6)ZRXOGQRWEHREYLRXV 
&RQFHUQLQJWKHDFKLHYHGJHRPHWU\LQ WKHK\EULGIRUPLQJDV LWDOVR LQKHULWVIURP,6)SLOORZ
HIIHFWDQGVWHSSHGIHDWXUHPD\DOVRRFFXULQWKHIRUPLQJSURFHVV+RZHYHUIRUWKHWZRFDVHVLQWKLV
ZRUNQRREYLRXVSLOORZHIIHFWFDQEHREVHUYHG3RVVLEOHUHDVRQVDUHWKHZRUNKDUGHQLQJLQWKH
03)VWHSFRXOGUHGXFHWKHSLOORZHIIHFWSLOORZVKDSHRFFXUVLQWKHRSSRVLWHIRUPLQJGLUHFWLRQDQG
RQO\LVOHIWZKHQWKHSDUWFHQWHULVIODWDQGXQIRUPHG>@6WHSSHGIHDWXUHLQWKHIRUPLQJGLUHFWLRQ
PD\QHHG WREH FRQFHUQHG LQ WKHK\EULG IRUPLQJ IRUFHUWDLQJHRPHWULF VKDSH >@ ,QVWHDGRI
ERXQFLQJEDFNDQGFDXVLQJSLOORZLQJULJLGERG\PRWLRQPD\SXVKWKHFHQWHUPDWHULDOIXUWKHUGRZQ
ZKLFK FDXVH WKH LQDFFXUDWH JHRPHWU\ 7KLV HIIHFW PD\ EH DYRLGHG E\ XVLQJ SURSHU GHVLJQHG
LQWHUPHGLDWHVKDSHV>@ 
7KHUHPDLQLQJFKDOOHQJHRILPSOHPHQWLQJWKLVSURFHVVLVWKHGHWHUPLQDWLRQRIWKHGUDZLQJGHSWK
DQGWKHSUHIRUPVKDSH7RGHWHUPLQHWKHVHSDUDPHWHUVDVLPSOLILHGWKLFNQHVVSUHGLFWLRQPRGHOKDV
EHHQ GHYHORSHG LQ WKLV ZRUN 7R YDOLGDWH WKLV QHZ IRUPLQJ SURFHVV DQG FRUUHVSRQGLQJ WKLFNQHVV
3URFHHGLQJVRI,0HFK(3DUW%-RXUQDORI(QJLQHHULQJ0DQXIDFWXUH9RO 
DOI: 10.1177/0954405417694061 
SUHGLFWLRQ PRGHO WZR FDVH SUREOHPV D KHPLVSKHUH SDUW DQG DQ DHURVSDFH FRZOLQJ KDYH EHHQ
IDEULFDWHGEDVHGRQWKHQXPHULFDOFDOFXODWLRQ7KHH[SHULPHQWUHVXOWVVXJJHVWWKDW WKHVHSDUWVFDQ
QHLWKHUEHREWDLQHGLQWKHWZRVLQJOHSURFHVVHVFRXOGEHVXFFHVVIXOO\IRUPHGLQWKLVK\EULGSURFHVV
ZLWK JRRG WKLFNQHVV GLVWULEXWLRQ 7KH K\EULG IOH[LEOH IRUPLQJ SURFHVV SURYHV WR EH HIIHFWLYH LQ
WKLFNQHVVFRQWURODQGWLPHVDYLQJ  
+RZHYHUWKHUHDUHVWLOOVRPHOLPLWDWLRQVLQFXUUHQWSURFHVV7KHDFFXUDF\RIWKLFNQHVVSUHGLFWLRQ
PRGHOLVVWLOOOLPLWHGHVSHFLDOO\IRUWKH,6)SURFHVV,QDGGLWLRQDQXQFRXSOHGRSWLPL]DWLRQSURFHGXUH
LV HPSOR\HG DQG WKH GUDZLQJ GHSWK DQG SUHIRUP VKDSH DUH RSWLPL]HG VHSDUDWHO\ 7KH REWDLQHG
SDUDPHWHUVPD\QRWEHWKHJOREDORSWLPXP,PSURYHGWKLFNQHVVSUHGLFWLRQPRGHODQGRSWLPL]DWLRQ
SURFHGXUHDUHQHFHVVDU\LQWKHIXWXUHGHYHORSPHQW 
 
4. Conclusions 
,Q WKLV ZRUN D K\EULG IOH[LEOH VKHHW IRUPLQJ SURFHVV KDV EHHQ GHYHORSHG WR LPSURYH WKH
WKLFNQHVV GLVWULEXWLRQ RI WZR VKHHW PHWDO SDUWV 7KH SURFHVV PDLQWDLQV WKH DGYDQWDJHV IURP ERWK
IRUPLQJ SURFHVVHV WKH PDWHULDO GUDZLQ HIIHFW IURP 03) SURFHVV DQG KLJK IRUPDELOLW\ IURP ,6)
SURFHVV1XPHULFDOPRGHOVWRSUHGLFWWKHWKLFNQHVVGLVWULEXWLRQDQGRSWLPL]HWKHSUHIRUPSDUDPHWHUV
KDYHDOVREHHQGHYHORSHG.H\SDUDPHWHUVVXFKDVGUDZLQJGHSWKDQGSUHIRUPVKDSHDUHGHWHUPLQHG
DQGWKHWKLFNQHVVSUHGLFWLRQDQGRSWLPL]DWLRQPRGHOVDUHYDOLGDWHGE\XVLQJWZRFDVHVWXGLHV7KH
FRQFOXVLRQRIWKLVZRUNPD\EHVXPPDUL]HGDVIROORZV 
1) 7KHK\EULGSURFHVVFRPELQLQJ0)3DQG,6)FRXOGDFKLHYHKLJKHUIRUPDELOLW\FRPSDULQJWR
FRQYHQWLRQDOVKHHWIRUPLQJSURFHVVHV7KLVLVUHDOL]HGE\WDNLQJDGYDQWDJHRIPDWHULDOLQIORZ
LQ03)DQGKLJKIRUPDELOLW\LQ,6)  
2) 7KHK\EULGSURFHVVFRXOGIDEULFDWHVKHHWPHWDOSDUWVZLWKLPSURYHGWKLFNQHVVGLVWULEXWLRQ
GXH WR WKH GLIIHUHQW VKHHW GHIRUPDWLRQ PRGHV LQ 03) SURFHVV DQG ,6) SURFHVV ,Q WKH
KHPLVSKHUHFDVH WKH WKLFNQHVV LV LPSURYHGE\ ,Q WKHFDVHRIDHURVSDFHIDLULQJ WKH
PD[LPXPWKLFNQHVVUHGXFWLRQLVRQO\ 
3) 7KHK\EULGSURFHVVVKRZVKLJKSURFHVVIOH[LELOLW\DQGLPSURYHGSURFHVVHIILFLHQF\$VERWK
03)SURFHVVDQG,6)SURFHVVDUHIOH[LEOHWKHFRPELQDWLRQRIWKHWZRSURFHVVHVDOVRGRHV
QRW UHTXLUH DQ\ VSHFLILHG IRUPLQJ WRROV:LWK 03) SURFHVV WKH SUHIRUP WLPH LV JUHDWO\
UHGXFHGFRPSDUHGWRPXOWLVWDJH,6) 
3URFHHGLQJVRI,0HFK(3DUW%-RXUQDORI(QJLQHHULQJ0DQXIDFWXUH9RO 
DOI: 10.1177/0954405417694061 
4) 7KH GHYHORSHG WKLFNQHVV SUHGLFWLRQ PRGHO VKRZV D VDWLVILHG PRGHOLQJ DFFXUDF\ DQG
HIILFLHQF\7KLVPRGHOKDVEHHQYDOLGDWHGE\UHVXOWVREWDLQHGIURPWKHWZRFDVHVWXGLHV7KH
PD[LPXPVKHHWWKLQQLQJLVSUHGLFWHGDFFXUDWHO\LQWKHFDVHRIKHPLVSKHUHDQGWKHPD[LPXP
WKLQQLQJSUHGLFWLRQHUURULVZLWKLQPPIRUWKHDHURVSDFHIDLULQJ 
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